' INTRODUCTION
The complications directly associated with the surgical treatment of breast cancer involving lymphadenectomy have been well established. They include seroma (the most common complication), hematoma, infection of the surgical wound, skin necrosis, winged scapula and lymphedema of the arm (1) (2) (3) (4) . In addition, some patients complain of considerable discomfort and difficulty with shoulder movement (5) .
The systematic use of continuous suction drainage may reduce postoperative morbidity (3) . Several other approaches have been tested in an attempt to decrease the accumulation of serous fluid or seroma formation, including reducing the duration of drainage (6) , the use of sclerosants (7) or fibrin glue (8) at the surgical site, and the obliteration of dead space in axillary dissection (3, 9, 10) .
Axillary drainage has become a subject of debate in recent years since it tends to prolong hospitalization times (11) and creates discomfort, exerting a negative psychological impact on patients who have undergone this treatment (5, 12, 13) . Drainage is also associated with limitations to activities of daily living that may include difficulty in dressing and problems with sleeping (13) . Consequently, some studies have been conducted to evaluate the possibility of not draining the surgical site following axillary dissection (9, 11, 12) . However, controversy persists regarding the need to use continuous drainage (9) , with the debate being mainly motivated by doubts that not performing drainage could increase the rate of complications, particularly in patients undergoing complete axillary dissection (levels I, II and III).
The primary objective of the present study was to investigate the safety of not draining the axilla. The evaluation was conducted by comparing the total number of breast cancer patients who did not develop complications following conservative surgery with complete axillary dissection according to whether or not axillary drainage was performed. The number of needle aspirations, the volume of fluid drained or aspirated and the total volume of fluid produced were compared between the two groups as a secondary objective.
' PATIENTS AND METHODS
The internal review board of the Federal University of Goiás teaching hospital approved the protocol of the present study under reference number 017/2000. The procedures were in accordance with the ethical standards of the responsible committee on human research and with the Helsinki Declaration of 1975, as revised in 1983. ClinicalTrials.gov: NCT01267552. Following approval, 240 patients with breast cancer were included in the study and submitted to conservative surgery with axillary dissection. Only patients who voluntarily agreed to participate in the study and signed the informed consent form were enrolled.
Sample size was calculated based on the number of complications detected in a pilot study conducted previously in this same institute. In that pilot study, the safety rate (i.e., absence of complications) for patients who were not submitted to axillary drainage was 72%. Taking into consideration a possible difference of 12% between the groups, with a=0.05 and b=0.20, a total of 202 patients were required for the study. The possibility of losses was estimated at 19%; therefore, the total number of patients to be enrolled to the study was increased to 240, a number intended to be distributed equally between the two groups.
Inclusion and exclusion criteria
Female patients with clinical stage I or II breast cancer were included in the study. The recommendation for all these patients was conservative surgery, including a wide resection and complete axillary dissection (levels I, II and III). The procedures were to be performed either at the Araújo Jorge Hospital (ACCG) or at the university teaching hospital (UFG). Patients were only considered for inclusion if they fulfilled the inclusion criteria for both groups and if they agreed to participate in the study. Patients with diabetes were excluded.
Randomization
Randomization was performed by means of a computergenerated list of consecutive random numbers. The information regarding the group to which each patient had been allocated was given to the surgeon minutes prior to the start of the surgical procedure.
Breast conservation criteria
Conservative surgery was an option when the patients' tumors were no greater than 4 cm in diameter. In the case of small breasts, the maximum diameter of the tumor that would permit conservative surgery to be performed was 2 cm. Although the simultaneous presence of multicentric foci or contralateral tumors did not a priori constitute a contraindication to conservative surgery, these were assessed on a case-by-case basis by the surgeon to determine whether this procedure was appropriate.
Surgical technique
Conservative breast cancer treatment consisted of excising the tumor, taking care to leave wide margins, and then performing complete axillary dissection, including levels I, II and III.
After performing the cutaneous incision, the lymph nodes and all the adipose tissue located in the lower anterior portion in relation to the axillary vein were removed from its entry into the thoracic wall up to the anterior edge of the latissimus dorsi muscle. The pectoralis minor muscle was preserved at the surgeon's discretion. The thoracodorsal nerve and the long thoracic nerve were preserved.
Axillary drainage
In the group of women randomized to drainage, a continuous suction drain was installed in the surgical site before the wound was closed. The drain was exteriorized through a counter-opening and attached using non-absorbable suture thread. Inside the surgical wound, the drain was placed in such a way to drain the region overlying the pectoralis major muscle, the axillary hollow and the edge of the latissimus dorsi muscle. The external extremity of the drain was connected to a continuous suction system.
Follow-up of the women in the drainage group
In this group of patients, the fluid was removed from the reservoir bulb twice daily, and its volume was recorded on a chart specifically designed for this purpose. In the ward, dressings were applied according to the standard procedures in the institute until the patient was discharged on the second postoperative day, at which time she was referred to the outpatient clinic for follow-up. Between the fifth and seventh postoperative days, the drain was removed. Whenever necessary, needle aspiration was performed, and the volume of fluid aspirated was recorded. The patients were then evaluated weekly, and any complications occurring up to the 30 th postoperative day were recorded.
No drain group
In the group of women in whom drainage was not performed, needle aspiration was carried out whenever necessary up to the time of their discharge from hospital. The patients were advised to return once a week for assessment and for seroma aspiration as required. As in the drainage group, the volume of fluid aspirated was recorded, as were any other complications.
Definition of the variables
Age: The patient's age at the time of breast cancer diagnosis.
Tumor size: Measured across the largest diameter at the time of diagnosis.
Clinical stage: The clinical staging of the disease was defined in accordance with the International Union Against Cancer TNM classification.
Number of lymph nodes resected: The number of lymph nodes histologically identified in the surgical specimen obtained at axillary dissection.
Axillary lymph node status: Defined in accordance with the number of lymph nodes histologically affected by neoplastic cells.
Histological type: Defined in accordance with the World Health Organization (WHO) classification.
Seroma formation: Seroma was defined as any accumulation of serous fluid clinically detected beneath the flaps or in the axilla following surgery.
Volume of fluid drained: The total volume of fluid aspirated by the suction drain only for the patients in the drainage group, expressed in milliliters.
Volume of fluid aspirated: The total volume of serous fluid aspirated by needle aspiration, expressed in milliliters.
Number of needle aspirations: The number of times needle aspiration was required to drain the seroma.
Total volume drained: The sum of the volume of fluid drained and aspirated, expressed in milliliters.
Infection of the wound: The formation of cellulitis and/or accumulation of purulent secretion in the surgical area were considered indications of an infection in the surgical wound.
Wound dehiscence: Wound dehiscence was defined as the opening of the skin including exposure of the underlying tissue prior to wound healing.
Necrosis: Necrosis was defined as the presence of blackening areas on the skin flaps caused by deficient vascularization in the region.
Safety rate: The total number of patients with no complications divided by the total number of patients in each group.
Statistical analysis
Means (± standard deviation) and a Student's t-test were used for the variables with a normal distribution. In the case of numerical values with a non-normal distribution, the medians, interquartile ranges (IQR) and a Mann-Whitney test were used. For categorical variables, a chi-squared test (w 2 ) or Fisher's exact test was used, as appropriate.
In the case of complications, the relative risks of each complication were analyzed together with their respective 95% confidence intervals. The significance level was set at 5%. The statistical software program SPSS (Chicago, IL, USA) was used throughout the statistical analysis.
' RESULTS
Of the 240 patients randomized, 119 were allocated to the axillary drainage group and 121 to the no drain group. The mean age of the patients was 49.64±11.93 years. The median tumor size was 30 mm (range 20 -40 mm). The median number of lymph nodes resected was 17 (range 14 -21) . The number of histologically compromised lymph nodes ranged from 0 to 34, with a median of 0 (IQR: 0 -2).
The most frequent histological type was invasive ductal carcinoma, which accounted for 215 cases: 104 in the drainage group and 111 in the no drain group. There were 8 cases of lobular carcinoma in women in the drainage group and 3 in the no drain group. Other histological types were found in the remaining 14 patients, with 7 in each group. No statistically significant differences were found between the two groups with respect to the distribution of histological types (w 2 =3.08; p=0.68). Regarding the degree of tumor differentiation, grade II was the most common, accounting for 143 cases (59.6%), followed by grade III with 40 cases (16.7%), undetermined grade with 33 cases (13.7%) and grade I with 24 cases (10%). Analysis of the distribution of the histological grades also showed no statistically significant differences between the groups (w 2 =1.03; p=0.79). The two groups were similar with respect to the other control variables including age, tumor size, number of lymph nodes resected, and the number of compromised lymph nodes ( Table 1) .
The median volume of fluid drained was 0 ml (range 0 -2,040 ml). The median volume of fluid aspirated was 240 ml (range 0 -11,998 ml). The median number of aspirations was 3.00 (range 0 -48). The median overall volume of all the fluid drained or aspirated was 649.00 ml (range 0 -11,998 ml). Table 2 compares the two study groups.
The analysis of complications included the data from 179/ 240 patients, with the remaining 61 patients being lost to follow-up. Infections occurred in 25 cases (14%): 20 cases of hyperemia (11.2%) and 5 cases of abscess (2.8%). Wound dehiscence occurred in 15 cases (8.4%), necrosis in 4 cases (2.2%) and hematoma in 15 cases (8.4%). The two groups were significantly different in relation to wound dehiscence, which was more common in the no drain group. No other statistically significant differences were found between the two groups for any of the other complications registered (infection, necrosis or hematoma). The safety rate was similar for both groups, as shown in Table 3 . Analysis of the individual subgroups showed that none of the control variables had any effect on safety (Figure 1 ).
' DISCUSSION
Investigation of sentinel lymph nodes has been the routine technical approach for dealing with the axillae of patients with early stage breast cancer (14, 15) . Nevertheless, axillary dissection with drainage continues to be performed during surgery in a large number of cases because of compromised lymph nodes or in cases in which identification of the sentinel lymph node proves impossible. Such procedures involve adverse events, with seroma formation constituting the principal complication, followed by infection, necrosis, dehiscence and hematoma (1, 16) . Systematic use of suction drainage has been performed in an attempt to reduce the rates of seroma formation. Among breast cancer patients undergoing surgery, this rate can be as high as 90% (16, 17) . However, over recent years, the possibility of not draining the axilla has been studied (11, 12) since seroma formation rates tend to remain very high even with the use of drains (18) . This complication occurs secondary to the disruption of lymph channels, an inevitable consequence of extensive surgical dissection and disruption of tissue planes, creating a dead space (18) .
To the best of our knowledge, the results of the other randomized studies comparing drainage versus no drainage have been inconsistent, and furthermore, the previous studies also differ in some points from the results of the present study. Classe et al. reported the results of breast-conserving surgeries (19) , while Purushotham et al. reported on mastectomies and breast-conserving surgeries, with both groups performing axillary dissection only at levels I and II (20), whereas in the present study, axillary dissection was performed at all three levels. On the other hand, although axillary dissection was performed at all three levels in the study conducted by Soon et al., those investigators also included patients submitted to mastectomy (16) . In previously published randomized clinical trials on breast cancer surgery in which the use of drainage was compared with no drainage, and axillary dissection was performed both in cases of mastectomy and in breast-conserving surgery, no statistically significant differences were found between the groups insofar as seroma formation was concerned (16, 20, 21) .
In the present study, the rate of seroma formation was 44%, and unlike previous studies (11), seroma formation was around four times greater in the no drain group, a difference that was statistically significant. The mean volume of serous fluid drained was much greater in the group of women in whom drainage was performed, and the mean volume of fluid aspirated was much greater in the no drain group. However, when the total volume of fluid was analyzed, i.e., the volume of fluid from drainage added to the volume of aspirated fluid, there was no statistically significant difference between the groups.
The mean number of needle aspirations was significantly greater in the no drain group and may be considered a sign of the severity of a seroma. The number of aspirations performed in the present study ranged from 0 to 7, a range that is similar to that reported from other series, such as the study conducted by Gonzalez et al., who performed between 1 and 6 aspirations after removal of the drain in patients submitted to breast cancer surgery with axillary dissection (22) . These aspirations also generate additional costs and can reduce these patient's postsurgical quality of life.
According to these results, drainage does not prevent seroma formation. The fluid that is not drained will have to be aspirated by needle aspiration. The present findings are in agreement with results published by other investigators, such as Soon et al., who reported total fluid volumes of 538.8 ml in the drained group versus 856.7 ml in the no drain group (16) .
With regard to the other complications, the infection rate in the present study was 14%, 11.2% of which consisted of cellulitis that receded with the use of antibiotics. The remaining 2.8% consisted of abscesses. There was no statistically significant difference between the two groups. Hall and Hall (23) reported a rate of cellulitis of 11% and a rate of abscesses of 4.6% following breast surgery, a result that was similar to that found in the present study. Therefore, care should be taken to ensure that antisepsis of the surgical area is strictly observed.
Comparison of the two study groups showed infection rates of 12.2% and 15.5% for the drainage and no drain groups, respectively. The infection rates detected in previous randomized clinical trials differed greatly, with reports of 1.9% (21) and 25% (16) . As in the present study, none of the other authors observed any significant differences in the rate of infection between the drainage and no drain groups of patients (3, 16, 21) . Nevertheless, in 2005, Soon et al. reported a tendency for infection in the group of women subjected to drainage, although patients submitted to mastectomy were also included in that study (16) .
The rate of wound dehiscence in the present study was 8.4%, which was higher than rates reported from other series (3). This complication was strongly influenced by the no drain group, in which the rate was 13.5% versus 2.4% in the drainage group. If we consider only the data from the drainage group, then the rate encountered was similar to rates reported from other previously published studies (1, 6, 23) .
In the present study, the rate of necrosis in the skin flaps was 2.2%, which is similar to the rate of 2.35% reported by Chintemani et al. (24) . On the other hand, the rate of hematoma of 8.4% found in the present study was higher than rates reported by other groups, which ranged from 2.1% to 3.9% (1,3) ; however, the presence or absence of a drain did not affect these rates.
In this study, the total number of patients with no complications (the safety rate) was similar in both groups; however, there was a tendency toward greater numbers of complications in the no drain group, influenced by the greater number of cases of dehiscence. These data are in agreement with the findings by Tylor et al., who also failed to find any difference between the two groups insofar as the overall number of complications was concerned (11) . In the exploratory analysis, the individual subgroups exerted no effect on the safety rate.
The results presented here allow the possible alternatives to be discussed with patients, i.e., the inconvenience of drainage versus a greater number of needle aspirations, with the greater potential risk of wound dehiscence. Patients are thus able to participate with the physicians in the decision-making process regarding their treatment.
The safety rate (i.e., the total number of patients with no complications) was similar in both study groups, irrespective of whether or not axillary drainage was used. Therefore, axillary lymph node dissection can be performed safely without axillary drainage; however, there is a greater possibility of wound dehiscence, and a greater number of needle aspirations are required for patients who do not undergo auxiliary drainage.
